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ABSTRACT 


The  mean  presented  areas  of  rail  irregular  shaped  eteel  fregmento,  within 
and  beyor*i  the  lower  limit  of  the  icosahedron  gage,  were  measured  by  •  now 
■ethod.  Thin  taohnique,  baaed  upon  the  froo  fall  of  a  fragment  in  a  viscous 
fluid  and  the  fragient  weight,  yialdo  rooulto  caiperable  in  eccuraoy  to  tho 
iooeahodron  gaga;  an  average  deviation  of  U.3%  and  a  maximum  deviation  of 
1<X  fro*  true  value  a  war*  obaarvad.  For  fragment  a  below  30  greina,an  maplrieal 


expression  for  presented  era  a  vaa  determin  'd,  as  follows: 


where 


A  -  Mean  presented  area,  taken  in  tho  manner  of  the  currant  literature  ae 
i  of  tho  totol  eurface  arae  (eq.  cue.), 

W  -  Weight  of  fragment  (grams). 

7  »  Terminal  velocity  of  fragment  (cms./eee), 

4  g2  -  Constanta  depending  upon  the  fluid  density,  viscosity,  and  temperature. 

K 1  &  K2  -  .0758  and  .4700  for  liquid  methyl  silicone  fluid  (Dow-Coming 
200  Fluid,  density  0.971  0sa/cc3  at  25°  C  ,  kinematic  vleooaity,  200 
cent  let  okas  at  25°  C  ,  and  teat  temperature  of  25°  C  i.  2°  C  )• 

The  axpreeeion  above  holds  for  ehunky  fragments  with  no  major  concave 


contours. 
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For  r,..l  fm^.nt.  n-'.o»  »  «mln  pm..nt«I  "**’  b* 

■  mm  .lth  .inpl.  In  *  mn.nnnl.ln  tlnn.  An  nmracn  drri.tlon 

of  A.H  nod  .  nfm  dnvlntloii  of  10*  no.  .ohl««l  In  Uli  mn.nmn.nt  for 
chunky  fragewnt*  no  "ulJor  oono*r«  oontour*. 

Thee*  ree’ilt*  were  obtained  with  32  fra*eent*  including* 

■  .  Random  shaped  etsel  ahell  fra  punt*  previously  measured 
on  the  looeahedron  gag*  et  B.  R.  L.  (13.5  to  32  *raine). 
b.  Steel  parallelopipede,  oylindere,  and  epheree  (0.32  to  54 
grelne  )  • 

o.  Brass  oy Under*  (0.97  to  5.1  trelna) 

Dete  obtelned  indicated  that  the  mean  presented  eree  (ae  defined  below) 
of  randon  shaped  steel  fre^ent.  under  30  grain.  eub.orlbe  to  the  followlni 

empirical  ejpreeeiont 

7  .  w  Equation  (l) 

where  t  X  -  Moan  presented  ere*  or  i  of  tho  total  surface  area, 
in  the  winner  of  the  ourrent  literature  (*q.  cm*.). 

W  -  fragment  weight  (grama). 

7  .  Terminal  Telocity  of  fre^ent  (erne. /esc.). 

*  I2  -  .075*  and  .4700  for  liquid  methyl  ellloone  fluid  (Dow- 
Coming  200  fluid,  density,  0.971  «t  25°C,  kinematic 

Tiecoelty,  200  c.ntletoke*  et  25®C,  •»*  «*>!•«*  temperature  of 
250C  i  2®C). 


TTmuacTiai 

In  th.  purauanci  of  »poM  l«h.Utr  *>"•“*■•  th.  man  pr...*«i  *™ 
of  a  rand-  ahap.d  fm—  in  ff  ^  *»—  “  * 

Talus. 

n.  .apmaalon  for  th.  «•!  form  PTOduoln,  *  "■«*“"  ...ala  ration  on 
the  fra^ent  la  »i  follows: 

-  .  a  -  Cd  AjOV2 

where: 

a  -  eooa  la  ration 

■  *  mass 

K  ■  presented  area 
jo  •  air  density 
V  -  Teloolty 
Cd  -  ooefflelant  of  drag 

Tl»  raaan  pm.ant.d  arm  (D,  «•"  »•  .h~n  to  b.  aqnal  to  ona-foorth  of 
th.  aurfaca  iron  of  th.  frag-nt.  H.ra.ft.r,  tv.  »»»  pr...*m  ar~  -7 
be  referred  to  simply  a  a  A. 

Before  th.  M  of  th.  loo-hadron  E*|.  1»  »». 
th.  I  Of  a  frapnt  -a  an  adr-lf  l.torlou.  Wh,  t.at  Inrolrln,  a 
groat  laaop  madlnga.  R.por.  *>•  «T7  data,  that  th.  loo.ahdron 

gag.  could  aka  a  aaa.ur.a.nt  In  1...  ttan  on.  hour  dth  an  OT.mll  ln- 
atnaant  arror  of  i  it  and  ...  lUdta  to  frapant.  .to..  .023  .1.  In. 
for  A.  Th.  not  hod  of  tU.  mpot  nata.  po.alhl.  th.  of  — U 

framed,  artth  no  ob.arrd  lomr  lbdt  In  A  and  in  th.  »-p.mtlT.l»  •>»* 
time  of  ten  mlnutaa  or  laaa. 
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Mr.  Barnard  Falrbank*  In  hi*  In*tru»ant*tlon  Report  «o.  TR-3«0-58/l 
datad  Jun*  12,  1958,  "Datermlnlnf  tha  Praaentad  Area  of  a  Brabant  fron 
it*  Tantinal  Velocity  in  a  Gra*»*  Colonn",  *u(c**tad  th*  u*a  of  tha  terminal 
Telocity  in  tI.oou.  .ilioooa  fluid  and  developed  an  ««pirie*l  aquation  for 
X  of  apherea  of  different  also*. 

Th*  aubjact  of  thi*  r*port  ext  and*  tha  n»thod  of  fraa  fall  throufh  a 
fluid  for  th*  determination  of  n»an  pra*antad  araa  to  *hapa*  othar  than 
sphere* ,  i.a.,  to  othar  regular  *hapa»  and  to  tha  practical  ca**  of  aaall 
randan  *hap*d  fregpiant*. 
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TarWn  r.gul.r  .h.,-1  f«*»«.  toh  «•  wllnd.r.,  *rd  r~t- 

«„1„  p.r.ll.loplP—  .!»».  «lth  lrrwU»r  fn»-nt.  -r-  — "lth  th* 


following  result* 

A  *T»r»i* 

i  p*n*tioi 
Tram  Tin*  9*. 

s£sa 

OSw 

Mo.  of 
?r»— nt* 
f*«t*d 

Method 

U**d 

Weight 

Basis 

Oreln# 

♦A  Ram* 

3q.  CM3 

9lMl  •H«r" 

4 

Squ*tior  (1) 

.84-54 

.045-. 70 

5.5 

Mm.  Ned 

7 

(1) 

.32-  6.2 

.033—24 

3.8 

K*el  >n*f» 

7 

(1) 

1.0  -18.5 

.075-55 

5.4 

ItMl  8h*U 

8 

(1)  13.5  -32.3 

.48-1.48 

4.6 

fr* 

2.6 

Sr***  Cylinder* 

5 

(1) 

.98-  5.2 

.053-  21 

Copper  Sphere 

1 

(1) 

4.137 

.117 

1.4 

3t«*l  Sphere* 

4 

(3) 

.84-54. 

.045-70 

6.3 

Steal  Spheres 

4 

(4) 

.84-54. 

.045-70 

2.0 

Aluminum  Cylinder*  5 

(5) 

.41-2.0 

.067-. 232 

0.4 

Th.  X  for  r.guUr  .h.,1  fn*«*..  ortooMt.d  «"■  th. 

„.„or».ht  .nd  .qu.tlon  (1),  -r.  ."P.™*  to  th.  nu..  «>'"  »  '  l°“1 

*urf*ce  »re». 

th.  X  for  th.  lrr.gol.r  .h.ll  rns-nt.,  ort-l»t.d  fro.  th.  t.mln.1 
..ioolt,  „,.«ir-.nt  *nd  .qu.tlon  (l),  «r.  *■»  th.  r.lo..  r...l.«l 

fro.  hr.  H.  r-rtflirttl  of  th.  B.lll.tl.  K....roh  L.bor.torl... 

A.  ...r.t.  drrt.tloh  of  t.3 *  for  32  drt.n4n.tlon.  —  ..hl.r.d  So 
u*ln/,  equation  (l). 


*  A  -  Ms*n  presented  *r»* 


PPBlDSJttiL  PKOCPUBB 


For  th.  aco— lotion  —  —U*.  of  dot.  «.  tM  .n  mpUlUl  rol.tloo- 

M,  h.  »«1  to - ».  I.  r«uUr  “•*1  *"*  ~rt*Wl‘r 

parall.loplpM.  "or*  f.trld.Md.  Th...  .or.  -2.  to  th.  »*•»  th. 

.hop.  ratio  of  -H—  rapUr  to  .Ml—  r*j.Ur  4— rolot  b.  "lthlo  th.  Halt 
of  J  to  5  and  thtt  th.  -UK.  f.W  Mln»  «  ">r  'I11”1*”"  tS*  ,“P* 

ratio  ...  tak.n  ..  th.  1— th  to  dl— Mr,  -hll.  for  —  M"-1””* 

por.ll.Loplp*4* •  th.  .h.p.  ratio  -.  tM..  ..  l.n«h  to  ...  .Id.  of  th.  •<*«• 
of  oro»»  Motion  ••  iUu*trotod» 


Th...  regular  .h—d  ploc..  -r.  droppM  1.  Do.  »"!"«  200  fluid,  oon- 
t.l..d  1.  the  four  foot  ,U..  tnb.  ••  .1— ■  >"  ««“"  ^  •»* 


MO  coloulotod. 

th.  DO.  Corning  ’00  fluid  u-d  h.d  .  d.n.lt,  of  0.971  -  * 

Tl—o.itf  of  200  oentl.tok..  -  25«0.  Th.  -W  t-p.r.tur.  In  th.  .lr 
conditioned  rso»  *•  25®C  ♦_  2°C. 

Th.  putlel.  t.mln.l  T.looltf  —  o.lml.t-  f—  th.  tin.  of  f.U 
through  56-.  Th.  t»  -  th.  .um.  of  four  «‘*««1  «“*•  0rt,"U‘1“ 
of  th.  p«tl.l»  -for.  drop  did  not  .ff.rt  th.  — d  «-  —  th*  2*rt1"1* 


!.D=  I.A&S 
0,0  =/.6/3 

rfST  CONTAINER  SETUP  FOR  FRAGMENT  TERMINAL 
VELOCITY  IN  A  VISCOUS  FLUID  FIS.  I 


always  took  tha  tut  preferred  orientation  in  tha  fluid  on  reeohlng  terminal 
velocity. 

A  teat  for  t  Anal  velocity  «att»tth.tl»  of  travel  for  tha  flrat 
12*  of  36"  travel  equal  l/3  of  tha  toUl  t  1m  for  36".  Thie  oondltion  *»e 
>at  by  all  owing  an  S  lneh  fall  before  Initiating  velocity  timing  ae  ehwrn 
on  eketoh  of  glaaa  tuba. 

TIM  wee  meaeured  with  a  hand  operated  atop  watch  Ho.  1U  made  by 
Minerva  of  Switeerlend,  graduate  in  l/10the  of  a  eecond.  The  watch  wee 
at art ad  and  etopped  at  tha  lndicee  elgnlfying  tha  beginning  of  tha  *a» 
interval  and  the  and  of  the  "o"  interval  ee  theee  lndicee  were  oroaeed  by 
tha  falling  fragment. 

Before  being  dropped  in  the  Dow  Corning  elllcone  fluid  tha  partlol.ee 
were  weighed  with  a  chemical  balance  and  neaeured  for  all  algnlfloant 
dlmanelone  with  a  nlorowvtar. 

dft.r  drool.*  oorlou.  o«ro.o,  th.  rotlo  "l**  to 
„N  Ml.  plot. Ml  I(iliut  tominol  ooloclty,  uoln*  th.  d.t.  for  cfllndoro, 
roctongulor  [-.r.U.loplp.l. ,  ond  th.  d.t.  for  ophor.o  fn-  B.r.r.rio.  4.  » 

mthomtlo.l  ripr*.«lor  for  oom  pro.ontod  »»  ooo  d.rlmd  fro.  thl.  «r.ph. 
To  toot  tht.  otprooolon,  lrrofolr  o»U  fro^onto,  prorloo.lf  m.oorod  bf 
tho  B»lllotlo  Roooorch  iMtorotorloo,  ooro  rmo.ourod  ooihs  too  mthod  of 
111.  roport.  Utooloo,  oph.ro o  ond  ofUndor.  of  «t.l.  othor  tl.o  rt.ol 
were  uaad  to  chaok  tha  validity  of  thla  method. 
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DI9CUS3ICB 


The  evolution  of  a  aeaeurenent  method  for  obtaining  naan  praaantad  area 
of  an  irregular  eheped  fragment  hi.e,  by  tho  rary  nature  of  the  problem, 
involved  a  euceeeeion  of  lengthy  and  Intricate  approaehee,  each  attempting 
to  liwrcaee  tha  reliability  of  the  meaeurement  and  daereaee  the  exeeeeive 
time  and  labor  required.* 

The  ieoeahedron  gaga  aa  described  in  B.R.L.  Report  Ho.  877  rap  re  cent  a 
the  culmination  of  previous  afforta  and  ia  tha  currant  instrument  uaad. 
B.R.L.  Roport  Ho.  877  atataa  that  meaeurement  of  a  fragment  can  be  made  in 
leaa  than  an  houre  with  a*  5<  overall  instrument  error,  and  tha  range  of 
mean  praaantad  area  measurable  by  tha  instrument  i#  .023  In?  to  5  in.2 

B.  Fairbanks,  in  hie  report  on  spheres  dropped  in  a  vieoeue  fluid 
(Reference  6),  took  a  distinotly  different  taok  for  the  problem,  arriving 
at  an  empirical  oxproseion.  At  the  outsat  of  the  present  investigation, 
an  attempt  wae  *nde  to  correlate  the  experimental  terminal  velocities  for 
spheres  from  the  report  of  B.  Fairbanks  with  Stokee  law  for  amall  spheres 
falling  ’n  a  vleooue  fluid,  namely:  V  -  2  g  d^  -  d2) 

*n 

where: 

V  ■  terminal  velocity  of  a  ephere  falling  In  a  fluid 
g  ■  acceleration  of  gravity 
r  •  radlue  of  tho  aphere 
dj  •  denaity  of  Mali  aphere 

*  Soao  of  these  approaehee  are  presented  in  Ballistic  Research  Laboratories 
Report  Noe.  877  and  501  listed  in  the  "References". 
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dj  -  dsnalty  of  fluid 
n  *  coefficient  of  /laooeity  of  fluid 
**h*  dimension*  for  eph*r*s  of  ilff»r#nt  dlan*t*re,  calculated  fro* 
Stoke*  law,  differed  from  the  actual  dimension*  a*  ehown  In  Tabl*  1  and 
figure*  No*.  2  and  3.  Since  th*  radiua  equared  wa#  uaed  In  both  tha 
oo*puting  of  actual  ephera  presented  area  and  the  Stokea  aquation,  th# 
correlation  between  actual  radiua  and  Stoke*  law  calculated  radiua  wee 
baaed  on  the  radiua  equared  aa  follow*: 

1.  Plotting  r|t(jke>  agalnat  R2  actual  on  logarlthnde  paper  and 
achieving  a  atralght  line,  the  equation 

R2  actual  -7.42  («itoke,)1,41  Iquatlon  (3) 

wae  darlred.  The  average  deviation  for  *  uelng  aquation  (3)  abova  •** 

6.3 1. 

2.  A  aeoond  correlation  wa#  worked  out  by  Inductive  reaaoning  fro* 
the  available  data.  Examination  of  th*  data  pointed  to  an  exponential 
relation* hip  with  a  decreaalng  exponent  ee  rjjtok#8  lncreaeed,  raeultlng  In 
the  following  expreeeion: 

j»2  -  (r2  )  *  ”  i,,^r§tok**  Equation  (4) 

actual  Stoke# 

The  average  devlat  ion  for  mean  preaented  area  uelng  th*  R*ctual 
froat  aquation  (4)  »*•  2.0^. 

»«*rlcal  data  fren  equation  (3)  and  (4)  for  varloua  apharaa  and  the 
raeultlng  *  deviation*  are  to  bo  found  In  Tabla  I.  Although  aquation  (4) 
gave  a  email  average  deviation  fra*  the  tru*  value  for  apharea,  correlation 
for  other  ehapea  could  not  be  mad*  and  other  evenuae  were  sought . 

•See  Appendix:  Applicability  of  Stokes  Iaw 
to  the  Meaeurement  of  Sphere  liadlue 
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Tarminal  velocitiae  for  uniform  circular  and  equare  oroaa  aaeliona  of 
ataal  Tor  lnoreaaing  1  *ngth«  (ahapa  ratiot  i  to  5)  war*  plotted  againat 
actual  A  (i  Z  A)  of  tho  particle*  and  againat  thoir  weight  a  in  figuraa  4 
and  5  reapaotivaly.  Tha  aimilarity  of  tha  lattar  two  eurvea  ia  quita 
■trlklng,  implying  that  waight  and  A  hold  a  eloaa  relation  to  langth  in  ita 
affaot  on  tapminal  velocity  for  a  uniform  croae  aaotion  of  varying  langth. 

This  might  ba  expected,  einea  for  a  uniform  oroaa  aaction  particle,  waight 
la  directly  proportional  to  langth  and  X  la  aora  dlreotly  a  function  of 
langth  aa  tha  lateral  area  bacoaea  tha  dominant  contributing  factor  for 
lnoreaeing  lengtha. 

Pitting  tarminal  valoeity  againat  ahapa  ratio  for  bcth  ataal  cylindara 
and  parallaloplpada  in  figure  6,  note  la  aada  that  terminal  valoeity  Increaeea 
aharply  below  a  ahapa  ratio  of  ona,  deoraaaaa  a  ha  r  ply  bad.  wean  tha  ahaparatioa 
of  ona  to  three,  and  that  tha  tarminal  velocity  approachaa  a  eonatant  for 
ahapa  ratio  beyond  three. 

In  attempting  to  eotabllah  an  empirical  expreaalon  for  A  the  following 
««ii  aceuiaed: 

1.  Weight  and  A  were  conaldered  ae  oppoelng  rectore  in  thair  effect 
upon  particle  accnUrati  on  in  the  fluid. 

2.  Terminal  velocity  wee  considered  proportional  to  weight. 

3.  Terminal  velocity  waa  conaldered  lnvereely  proportional  to  X. 

4.  Proa  tha  above  eonaiderationa,  the  expreaalon 

Terminal  Velooity  o<  Walaht 

X 

waa  explored,  and  tha  ratio, weight  to  X,wma  aolved  aa  a  function  of  terminal 
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rCRMMAL  VELOCITY 


AREA  V  STEEL  SPHERES. 
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STEEL  CYLINDERS  A.S 

1 

•a  »• 

M 

mp  %0  m 

-LtH' 

MDOI  L**T» 

CM  M«a 

(Ml  /  0MMTTM 

MHiiai 

IGURt  6 

y.locltj,  i.«.,  Wfjght  -  f  (T.r*in»l  roloclty) 

*  an  axpraailon  to  b*  t««t*d  «*plrlo*lly. 

Plotting  t.ml-1  r.looltj  In  -./...  **•*■  «.  "tin  of  «*«>*  i» 

......  to  7  in  o~.  for  th.  r.,»Ur  .h.p*  «lroolor  .nd  'Oor.  oro.. 

ooetionod  .tool  portlol.o  In  Fir-  «"•  7,*  •‘"W*  “lt>' 

th«  following  «qu*tloni 

M.loht  -  .0758  7  •  ./.TOO  (1) 

I 

I  onl  I  d.rl.tion  <  for  .«11  *..1  opllna.ro  .nd  ~U  t..l 
por*ll.loplp»ao  «ro  0.1.01**  oln.  .qontlnn  (1)  •*  t.bol.t*  In  T.bl.. 

7  3.  Th.  I  .r.r.,.  *  amotion,  for  th.  *~1  "Jll**.  -  pnmn.lopl.*. 

v*r.  3.8*  **1  5.4*  roopootlYtly. 

For  ...1  oph.ro.,  to.  ootu.1  r.tlo  .1  «ltf*  to  7  —  "-pot-  .nd 
plott*  ortlnot  t.mln*  r.loolt  j  on  Fir-  7-  Th...  plott.aj.olnt.  for 
-Ph.ro.  dlotrlbut.d  r.o.onoblj  .Ion.  th.  eurr.  of  Flgur.  7.  Th.  1  .nd  7  * 
darl.tion.  for  .ph.r..  ~ro  o*o«l.t*  o.ln,  .qu.tlon  (l)  -nd  Ubolot*  In 
Tablo  1.  4  «»*r»g«  dorlotion  *  for  »ph«r.»  5.5*. 

Sto.l  oh.  11  fr.«*nt.,  pn.rlou.lj  for  7  bj  8.H.L.,  -r.  dropp* 

in  th.  rl.cone  fluid  .*  tholr  t.mln.1  mlueltl..  ».r.  oo-put*.  «  for 
th...  fr.8h.nt.  «.  0.1.01**  o.ln.  .qu.tlon  (1)  «d  t.bol.t*  In  T.bl.  k. 

Th.  7  d.rl.t  Ion  <  frt»  th.  ».».L  "In'.  — 

Unitor,  oiroulor  oro.o  ..otion.d  br...  p.rtlol..  «r-  t.rt*  for 
t.rmlnal  r.looltj,  *7..  o*ool**  o.ln.  .w*lon  (1)  *nd  t.bol.t*  In 
T.bl.  5.  Th.  7  »r.r.8.  d.Tl.tlon  %  “■  2.t>t. 

Unitor.  olrooUr  or...  Motion*  »lu*m>n  p.rtlol..  «r.  t.**  for 
t.ruin.1  r.looltj  .*  7  ...  o*ool.t*  u.ln.  .qu.tlon  (l)  .nd  t.bul.t*  In 
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Table  5.  *■  eaan  In  Table  5,  tha  A  everaga  deviation  i  wae  extremely  high, 

33.A %  for  these  aluminum  partiolea  indicating  that  aluminum  fregiente  do  not 
follow  the  empirical  conetante  in  equation  (l).  The  ratio  of  weight  to 
actual  A  for  tha  aluminui  pertlclae  wae  re-eomputad  and  plotted  agalnet 
terminal  velocity  in  ttgure  8.  The  plot  gave  e  etraight  line  with  the 
following  equatloni 

Weight  -  .0916  V  ♦  .153#  Equation  (5) 

A 

A  wae  calculated  ueing  equation  (5)  and  tabulated  in  Table  5.  A  overage 
deviation  t  waa  0.i*<. 

Note  le  made  that  rer.aonabla  raeulte  were  achieved  ueing  the  conetante 
in  aquation  (l)  for  etaal,  copper  and  bra.e.  The  deneitiaa  of  the  latter 
three  metal,  range  from  7.6  to  8.9  lo/cm3.  However,  for  el«inun  with  a 
density  of  2.69  gne/em3,  a  elgnifiiant  departure  fro*  tha  7.6  -  8.9  denelty 
range,  another  eat  of  constant.,  and  I2»  had  to  be  developed,  ae  ehown 
in  equation  (5). 

In  using  the  method  of  thi.  report  for  maeeurlng  A  of  lrragu  ar  freg- 
nenta  below  30  grains  in  weight,  the  advantagae  ere  ee  follows: 

1.  Short  time  per  fragment  maaeurement . 

2.  No  lower  limit  for  fragment  weight  or  mean  preeanted  area. 

1,  No  complex  instrumentation. 

It.  No  substantial  lnetrumeni  coat. 

5.  No  involved  tachniquee. 

6.  Low  space  requirement. 

In  actual  operation,  the  weight  to  presented  area  ratio  can  be  picked 
off  an  enlarged  graph  or  table  for  any  particular  terminal  velocity. 
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APPEND!! 


APPLICABIITTT  ‘3P  STQKE3  LAW  TO  THE  MEASUREMENT  OP  SPHERE  RADIUS 

Th«  resisting  force  o;.  a  sphere  of  radiue  r  moving  through  a  medium  of 
viecoeity  /F)  with  constant  velocity  v  was  expressed  by  Stokes  as  follow)! 

F  -  67T  fti  r  t  (A) 

For  a  fr«e  falling  spher.,  the  resieting  force  ie  equal  to  the  sphere 
weight  mlnue  the  fluid  buoyant  force,  and,  if  dx  and  d2  are  ephere  and  fluid 
densities  reepeetively,*(>uation  (A)  btconss 

=  iTr^Asor 

'i/nr/td,^  —  ^TTa3^^-  =  Pr'»'>"v' 
or,  TTA'*  (V.-iQ  =  IaV  (ot -^) 

(*  Tr  /f\  ^  /Y\ 

(e; 

Mr.  B.  Fairbanks,  in  hie  initial  attempts  at  msaeuring  mean  presented 
area  of  spheres,  tried  to  use  the  Stokee  equation  (B)  and,  getting  no  cor¬ 
relation,  he  developed  the  empirical  expreeeion  reported  in  Instrumentation 
Report  No.  TR  3BO-58/1  in  the  "References." 

The  write;-  reported  the  results  of  uelng  correction  factors  for  Stokes 
law  in  the  "Diecueeion"  of  thie  report  and  the  deviation  .between  measured 
and  atokee  law  calculated  sphere  diameters  vereus  actual  ephere  diameter, in 
Figure  3.  From  Figure  3,  it  can  be  eeen  that  the  deviation  is  approaching 
aero  but  is  still  appreciable  for  steel  spheres  below  a  weight  of  one  grain 
as  shown  in  the  table  below  for  scorn  actual  me a sur me rrt.es 
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Sphere  Diaa.  in  .nchee  .0937  .1562  .2500  .375 

Sphere  Stokes  Diers  Deviation  t  10.7  19.3  29.3  37.0 

Sphere  Weight  in  grains  .8441  3.889  17.13  54.32 

At  this  point  note  is  made  of  cements  by  ot hrrs  on  the  .-"plicabillty  of 
Stoke  a  law  as  follows: 

1.  Elementary  Mechanics  of  Fluids  by  Hunter  House,  1946,  Picatinny 


Library  Mo.  QA911  R 

a.  Page  158,  middle  of  first  paragraph:  "Although  its  derivation 
U  beyond  the  scope  of  this  book,  the  expression  for  the  longitudinal  force 
f  exerted  by  a  slowly  moving  viscous  rluid  upon  a  small  sphere,  known  as  the 
equation  of  Stokee,  is  of  interest  at  this  point; 


P  -  3TT  Dm 

This  equation  finds  particular  application  to  the  fall  of  relatively  mall 
bodies  through  fluids  of  relatively  high  viscosity,  ” 

b.  Page  ?44,  first  paragraph:  "Resistance  diagram  for  .bodies  of 
revolution.  As  indicated  in  Figure  1?5,  a  wealth  of  experimental  data  is  at 
hand  for  the  drag  coefficient  >f  spher.s  over  a  very  great  Fteynolds-number 
range.  At  low  values  of  K  (i.«.  ,  in  the  sons  of  deformation  drag)  the  measure¬ 
ments  are  seen  to  follow  the  straight  line  C  -  24/R,  which  may  be  shown  to 
correspond  to  the  equation  of  Stokes  Eq.  (1M)  by  the  following  operation: 

F  -  37ru^f>r  <t £^J  i  2.  I?  3- 

The  experimental  points  begin  to  deviate  from  this  line  as  soon  ae  the  ac¬ 
celerative  effects,  ignored  oy  Stokes,  begin  to  become  appreciable;  a  Reynolds 
nnmher  slightly  lean  than  unity  evidently  marks  the  approximate  limit  r,f  ue- 
e - t^on  HrYl  bevond  which  the  Stokes  equation  is  no  longer  applicable. 
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Witn  increaeing  values  of  H  ths  some  of  spprsdable  viscous  deformation 
becomes  reetrictsd  more  and  more  to  the  lnrosdiits  boundary  vicinity}  at 
the  sarna  time ,  however,  accelsratlve  eTfscts  become  mors  pronounced,  and 
separation  takes  place  in  the  sons  of  dsoslarstlon  at  the  resr.  By  ths  tins 
a  Reynolds  number  of  about  J  x  104  Is  reached,  the  vlscoue  shear  st  ths 
boundary  has  become  so  lnslfnlflcant  in  comparison  with  the  pressure  reduction 
in  the  sone  or  discontinuity  that  the  drag  cosfflcient  no  longer  varies 
perceptibly  with  the  Keynolde  number ;  this  condition  corresponds  to  ths 
pressure  distribution  shown  in  Flgurs  120b." 

Pleaee  note  that  for  eteel  epheree  ueed,  Reynolds  numbere  ranged  from 
1.04  to  28.1. 

2.  Fluid  Mechanics  by  Russel  A.  Dodge  and  Milton  J.  Thomson,  1937, 
Picatimy  Library  No.  QA901  06 

s.  Pages  175  4  176 1  "Experimental  dsts  on  the  resistance  of  spheres 
will  he  discuseed  in  detail  in  Chap.  XU,  but  at  thie  point  it  may  be  mentioned 
th  it  Stokes  law  holds  only  for  a  very  restricted  range  of  condltlone.  In  1 1« 
cise  of  ordinary  riuide,  such  as  water  and  nir,  *he  size  of  ths  sphere  must 
be  so  era  id  l  as  to  bs  practically  microscopic  in  character,  while  with  larger 
epheree,  either  the  fluid  must  be  extremely  vlscoue  or  the  velocity  mwet  be 
very  low.  Theee  latter  cases  are  often  refsrrwi  to  as  'creeping'  motione. 

In  spite  or  these  restrictions  Stokes’  lew  h»e  not  been  without 
its  practical  applications.  For  example,  it  forme  the  basis  for  one  method 
or  measuring  viscoelty  and  hae  also  bsin  ueed  to  advsntnge  In  investlgsting 
the  settling  out  of  material  euspendsd  In  liquids  and  in  nolving  problems 
in  diffusion." 
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b.  Pa ge  337 1  "Direct  comparisons  of  the  drag  coefficients  of  bodiss 


of  revolution  of  different  sections  are  difficult  to  make  bocauaa  of  the 
variation  of  these  coefficlenta  with  Reynolds'  number.  The  most  exhaustive 
studies  In  this  connection  have  baan  amda  on  spheres  and  the  rasults  of  a  large 
number  of  such  Invest  1  gsti one  are  sh<mm  In  Figure  222.  The  extremely  low 
values  of  Mr  correspond  to  tha  viscous  type  of  flow  In  which  Stokes'  law 
la  valid.  Thle  solution  a  given  b/  En.  {11},  Cg  •  2/./i»r,  Is  also  Included  In 
figure  22?,  and  It  appears  that  this  station  agrees  with  tha  experimental 
data  onl»  for  values  of  Mr  up  to  about  O.U.  Tor  higher  values  of  Nr  tha  Inertia 
forces  bee  oa»a  riore  Important  and  tha  drag  coefficient  daereauea  laaa  rapidly 
wifcp  the  Reynolds'  nuaibar,  approaching  a  practically  constant  value  in  tha 
range  from  leP  to  10^."  (Figure  222  la  reproduced  on  the  next  page). 

In  riuln  'low  around  a  sphere,  there  are  Inertia  forces  And  viscous  forces 
involv'd.  For  a  low  Reynolds  number,  the  viscous  forces  are  large  cosipared  to 
the  Inertia  of  the  fluid  partlelee.  Stokss  .aw  solution  for  tha  drag  of  a 
sphere  la  based  on  ’hie  typs  of  flow  and  brssks  down  when  the  Inertia  forces 
begin  ’  predominate.  This  occurs  for  a  Reynolds  number  of  O.U.  Experimentally, 
su«  1  lead  shot  spheres,  .OS43"  and  .0385"  diameter,  were  checked  for  terminal 
velocity  In  i  he  Dow-Cornlng  ?00  silicone  fluid  at  ?5  2.  2°C.  The  resultant 
Stokes  calculated  liameter  deviations  were  0.9t  and  2.5 i  -  much  mnaller  de¬ 
viation  percentages  than  for  the  !  rwvlously  mentioned  larger  stael  balls. 
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